Introduction
Peroxodisulfate is produced in industry by elec trolysis o f acidic sulfate solutions [1, 2] . It has long been known that addition o f fluoride to the acidic sulfate electrolyte increases the current efficiency of the peroxodisulfate formation [1, 3] . It also causes an increase o f the anode potential. This fact has often been described as the consequence o f an in crease o f the "oxygen over-potential" [4 -6] -a simple, but inexact interpretation that gives no in formation about the real processes at the anode sur face. The effect o f the fluoride was examined now by means o f impedance measurements [7] .
Abbreviations:
AE = working electrode; C D = double layer capacity; CV = cyclic voltammogramm; Ecorr = Rei corrected po tential; f = frequency; fmax = frequency at maximum imaginary part; FAE = surface o f the working elec trode; GE = basic sulfate electrolyte; i = current density; Im = imaginary part; K = conductivity; L = inductiv ity; NHE = normal hydrogen electrode; RD = transfer resistance; Re) = electrolyte resistance; Rpol = polarisa tion resistance; Rrest = residual impedance (Rpoi -Rq); Remax = maximum real part; uj = 2 i7 f. * Reprint requests to Prof. Dr. W. Wabner.
Experimental

Examination of electrode kinetics
In a Metrohm measuring cell (Nr. 6 . 1415.22X ) a platinum wire working electrode (0.5 cm 2) was used. The counter electrode was platinum (25 cm 2). The po tential was measured against Hg/H g2S 0 4/K 2S 0 4(sat.), 650 mV NHE. This difference is not caused by the electrolyte resistance. The Rel-corrected curves (only the sweep from low to high current densities is shown in Fig. 3 ) qualitatively show the same form like the original curves (compare Fig. 3 to Figs. 1 and 2 ). The results o f the impedance measurements are shown in Tables I and II The maximum real part as well as the polari sation resistance decrease when fluoride is added. This effect is evident only at low current densities (up to 250 m A c m -2 ). At higher current densities the values get more and more similar in both elec trolytes.
Anode potential and frequency at the maximum imaginary part behave in the same way. Distinct differences occur only at low current densities (up to 250 mA cm -2 ). In this current density range flu oride causes an increase of fmax as well as of the anode potential.
When presented as a Nyquist-plot, the uncor rected impedances show not only the decrease of the polarisation resistance after adding fluoride, but also a change of the form of the curve from low to high current densities. In GE up to 250 mA cm -2 the curves resemble more and more a semicircle. The same is observed with GE + 0.5 M F~, but there is another fact to notice for this electrolyte: At 350 mA cm -2 the experimental points at high frequencies are settled on a line with an angle of 46° to the axis of the real part. Thus the strong par ticipation of the inhibition of anode processes by diffusion becomes visible.
Examples given are the Nyquist-plots of the mea surements at 100 and 350 mA cm " 2 ( Figs. 4 and 5) .
At 50 mA cm -2 (the Nyquist-plots are not shown here) the impedances do not reach the axis of the real part at low frequencies. (The impedances are not recorded completely at this current density.)
For further information about the anode reactions the impedances have been corrected by extrapola tion [9] , according to the method of Wabner and Schmittinger [10, 11] , In this way Rel, L (not shown here), CD and RD can be determined (see Tables III  and IV) . For GE + 0.5 M F -the value of CD is higher than for GE. An exception must be made for i = 50 mA cm 2, where the impedances (as explained above) cannot be evaluated quantitatively.
Rd was determined graphically from the impe dance remaining after subtraction of Rel, L, and CD (the value of L is close to zero and can be neglected), and was checked by a calculation applying the Kramers-Kronig formula (RD = ^"^ C p 1). Tables III 
Fig. 6. C D versus current density plot from impedance measurements o f Pt in GE (o) and GE + 0.5 M F _ (+).
and IV show good agreement of both values (which places confidence in the exactness of graphic deter mination of Rd ). With fluoride, RD decreases at all current densi ties. The percental participation of RD in the total polarisation also decreases.
It is striking that the measurements on Pt in GE -I at 150 and 200 mA-cm show only the inhibition ■ of the electron transfer reaction. The residual impe dance nearly becomes zero.
It is also interesting to plot CD against i and E. It appears that CD is clearly increased by fluoride (see Fig. 6 as well as Tables III and IV) .
However, regarding CD from the Rel-corrected potential which belongs to the current density, hardly any difference is seen between GE and GE + 0.5 M F~ (Fig. 7) .
The same procedure shows different results for RD: At a certain current density RD is decreased by fluoride, but at a certain potential RD is increased (Figs. 8 and 9 ).
Discussion
The choice of the electrolyte was based on the following facts:
1. With 0.5 Mol F~ 1" 1 added to the acidic sulfate solution, the formation of fluorosulfonic acid can be neglected [7, 19] . With this amount of fluoride this reaction only takes place if concentrated sulfuric acid is added [ 12 ], 2. In cyclovoltammetric curves for Pt in GE with fluoride additions of 0.5 -3 Mol the greatest change of the curves, caused by fluoride, appears with 0.5 Mol F -I " 1 [7] , Discussion of the results is only meaningful in the range of low current densities (< 250 mA-cm" 2). The evolution of gas is getting stronger with increas ing current density and causes too much fluctuations of the potential and impedance measurements [20] . A knowledge of the electrode kinetics at high cur rent density would be desirable for the comparison with the usual electrolysis conditions of the persul fate production [1, 2] , but with the chosen method of impedance measurement this comparison is not possible.
The comparison of the polarisation curves in GE and GE + 0.5 M F~ shows that the increase in potential is not due to the changed electrolyte resis tance. Only the curves from low to high current den sities are compared because impedance measure ments have been performed in the same direction. This result is confirmed by the impedance mea surements.
First the reactions that can take place with and without fluoride at platinum anodes in acidic sulfate solution will be considered.
Without fluoride at low current density 0 2 evo lution, and at high current density S2Og~ forma tion predominate [13] . The formation of 0 3 can be neglected at the current densities used here [14, 15] . The results of electrolyses in GE show that the change from the (predominating) formation of 0 2 to S2Og-takes place between i = 50 and 150 m A c m -2 at room temperature (depending on elec trolysis time) [7] . The formation of PtFg~ can be excluded [16] -considering the composition of the electrolyte and the current densities used -as well as the evolution of F2 from fluoride (E0 = +2.85 -+3.03 V). Should F20 be formed in small amounts, hydrolysis will take place. A reaction of fluoride with 0 2, <0> , S2Og~, or OH is not possi ble either.
The effect of the fluoride therefore has to be a result of the adsorption of fluoride on the anode surface. HF [ 12] and (little) H2 F+ are also candidates for this process. All fluoride species -F -, HF, and H tF+ -are simply referred to as "fluoride" in all further discussions.
There are already several hints at this effect of flu oride. Smit and Hoogland [17] suppose the fluoride to adsorb on the anode surface in the same way as sulfate, thus reducing the active surface for 0 2 evolution. Other authors [18] try to proof this with partial polarisation curves. Indeed a comparison of cyclovoltammetric curves of Pt in GE with those in GE + 0.5 M F - [7] shows that with fluoride less ox ide is formed on the surface than without fluoride. Gnann [14] , too, suggests in his discussion of the ozone evolution on P b 0 2 anodes an adsorption or binding of fluoride ions to the surface. By the diminuation of the active surface the real current density increases and so do anode potential and ozone yield [20] . These considerations may also be valid for platinum.
Therefore the central point of consideration is a double function of fluoride, consisting of the rise of the real current density and of the diminuation of the 0 2 evolution. This is confirmed by the impedance measurements.
An increase of the real current density causes an increase of anode potential (Fig. 3) and CD (Fig.  6 ) , as well as a decrease of RD (Fig. 8) . The in crease of the potential can only be seen at current densities which are low enough to allow measure ments of the difference potential in between GE and GE + 0 .5 M F -.
If the Rd -corrected anode potential is accepted as a measure for real current density, CD and RD should be the same at one potential in both electrolytes -as suming that the electrode reactions do not change. Concerning C D this means: The reduction of sur face by fluoride adsorption is compensated by an increase of the real current density. Figure 7 shows that the results are in agreement with this assumption.
Regarding RD in the corresponding plot (Fig. 9) , the difference between the two electrolytes has to be ascribed to the second function of fluoride, the diminuation of 0 2 evolution (see below). The in crease of the real current density also explains the following difference between GE and GE + 0.5 M F -: In GE the electrode reactions are controlled by electron transfer at 150 and 200 mA cm -2 . Here the change from predominating 0 2 evolution to pre dominating formation of S-,Og-takes place. Above i > 100 mA cm -2 mainly S2Og_ is formed, but the reaction rate is not yet high enough to make the transport of sulfate and/or peroxodisulfate a limit ing factor. Only when the current density (and with it the reaction rate) is increased beyond this value (i > 200 mA-cm-2 ) the limiting effect of diffusion processes becomes visible. An inhibition by diffu sion is noticeable for GE + 0.5 M F~ already at 50 mA-cm-2 , because the electrode is working at a higher real current density, caused by fluoride. At 350 mA-cm-2 the inhibition of diffusion -compared to Rd -already becomes obvious in a diagram with an angle of about 45 to the axis of the real part (see Fig. 5 as well as RD and Rrest in Table IV) . Figures 7 and 9 show that the effect of current density can be eliminated by plotting C D and RD versus the Rel-corrected anode potential. The in crease of Rd and the slight decrease of C D (between + 2.75 and +2.8 V), caused by fluoride, therefore are hints at the stronger inhibition of the 0 2 evolution in GE + 0.5 M F -than in GE. The increase of RD can be traced to the inhibition of 0 2 evolution, because the formation of S20^~ can only be influenced by an increase of the current density and not by fluoride.
The results show that the effect of fluoride on the process of peroxodisulfate production at plat inum anodes cannot be reached by simply applying a higher current density, because an increase in cur rent density alone is less efficient in suppressing the undesired side reaction of 0 2 evolution than fluoride.
